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REACTION BETWEEN 1-ARENESULPHONYL-3-NITRO-1,2,4-TRIAZOLES AND NUCLECSIDE BASE RESIDUES.
ELUCIDATION OF THE NATURE OF SIDE-REACTIONS DURING OLIGONUCLEQTIDE SYNTHESIS
Colin B Reese* and Aiko Ubasawa

Department of Chemistry, King's College, Strand, ILondon WC2R 2LS, England.

Summary. The protected guanosine and uridine derivatives (3a, 3b and 4) react with 1-(mesi-
tylene~2-sulphonyl) -3-nitro-1,2,4-triazole (MSNT, 2a) to give 6@, &b and 7, respectively, 3§
15 converted into 10 in the same way. The reactions proceed more rapidly in the presence of
diphenyl phosphate.

The key step in the phosphotriester approachl to oligonucleotide synthesis consasts of
the activation of a phosphodiester group and the subsequent phosphorylation of a hydroxy
function to form a new internucleotide linkage. The most suitable condensing agents with
regard to short reaction times and high yields of products appear to be arenesulphonyl
deravatives of tetrazole (putative structures, 1), aintroduced by Narang and his coworker52
and arenesulphonyl derivatives of 3-nitro-1,2,4-triazole (putative structures, 2) later

introduced by usa.
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Recently, in studies directed towards the synthesis of yeast alanine transfer ribonucleic
acids (tRNA), we observed4 side-reactions leading to mixtures of products and diminished
yields when a large excess of l-(mesitylene-2-sulphonyl)=-3-nitro-1,2,4-triazole (MSNT, 2a) was
used as the condensing agent and when phosphorylation reactions were allowed to proceed for a
relatively long time. With the intention of elucidating the nature of the side-reactions, we
have examined the reactions between MSNT (22) and appropriate nucleoside derivatives, We
have also examined the effect of an added phosphodiester component on the course of the side-
reactions

We first investigated the action of MSNT (22) on N-acyl-2',3',5'-tri-0O-acyl derivatives
of adenosine, cytidine and guanosine and on 2',3',5'-tri-O-acetyluridine (4) while there
was no detectable reaction between MSNT (Z2a, 5 molecular equivalents) and 2-N-benzoyl-
2',3',5"'-tr1-0-acetyladenosine or 2-N-(p-anisoyl)=-2',63',5'-tr1-0-(p-anisoyl)cytidine 1in
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pyridine solution after 24 hr even in the presence of diphenyl phosphate (0.5 meclecular
equivalents, see below), MSNT (Z2a) was found to react readily with 2-N-benzoyl-2',3',5'-tri-
O-acetylguanosine (3q) and 2',3',5'-tri-0O-acetyluridine (4), especially in the presence of

diphenyl phosphate.
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The time for half-completion (t%) of the reaction between 2-N-benzaoyl-2',3',5'-tri-0-
acetylguanosine (3a, 0.1 mmol) and MSNT (2a, O 51 mmol) 1in pyridine (0.5 ml) solution at room
temperature was found to be ca. 48 hr but the reaction proceeded more rapidly (t% v 25 and
9 hr) when diphenyl phosphate (0 01 and 0 05 mmol, respectively) was added to the reaction
mixture. Following a preparative scale reaction, a crystalline compound, m.p. 193°C, was
1solated from the products in 71.5% yield and adentified as Sz on the basis of analytical and
spectroscopic ev1dence5 Confirmation of this structural assignment was provided by an
independent synthesis of the corresponding tetrabenzoyl derivative (5F) which was isolated as
a crystalline solid, m p 138°C, 1in 82% yield from the products of the reaction between the
6~U-mesyl derlvatlve6 (6) and 3-naitro-1,2,4~-triazole in pyridine-dioxan solution at room
temperature. The 1dentical tetrabenzoyl derivative (5b) was obtained in 69% yield by treat-
ing 2-N-benzoyl-2',3',5'-tri-O-benzoylguanosine (3b) with an excess of MSNT (2a) in the
presence of diphenyl phosphate.

The time for half-completion of the reaction between 2',3',5'-tri-0O-acetyluraidine
(4, 0.11 mmol) and MSNT (2@, 0.51 mmol) in pyridine (0.5 ml) at room temperature to give 7
was found to be 25 hr and again the reaction proceeded more rapidly (fy, ~ 7 and 3 hr) when
diphenyl phosphate (0 01l and 0.05 mmol, respectively) was added to the reaction mixture.

Following a preparative scale reaction, 7 was i1golated as a crystalline solid, m p. 89°C, in
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78.5% yield and characterized on the basis of analytical and spectroscopic ev1dence7 When
7 was treated with agueous ammonia {d 0 88)-dioxan (2:1 v/v) for 16 hr at room temperature,
cytidine (8a) was obtained as the sole nucleoside product and was then i1solated as 1ts crys=
talline tetrabenzoyl derivative (8b) in 63 5% vield.

With the intention of i1dentifying possible side-reactions in oligodeoxyribonucleotide
synthesis, we next examined the action of MSNT (2a) on 2-N-benzoyl-3',5'-di-O-acetyl-2'-
deoxyguanosine (8) and 3',5'-di-O-acetylthymidine. The N-benzoylguanine residue in 9 was
modified in the same way (and at virtually identical rates under the same conditions both in
the absence and presence of diphenyl phosphate) as 1t was in 3a and, 1in a preparative scale
experiment, 10 was obtained as a crystalline compound, m.p. 108-110°C, in 70% 1isolated yield.
However, the reaction between MSNT (22) and 3',5'-di-0O-acetylthymidine was extremely slow and
only a trace of product was obtained under the conditions required for the virtually total

conversion of 2',3',5'-tri-O-acetyluridine (4) into 7
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The mechanism of the formation of the nitrotriazole derivatives (5, 7 and 10) has not yet
been elucidated but 1f, for example, 1t 1s assumed that 30 reacts first with MSNT (2a) to gave
3-nitro-1,2,4-triazole and the 6-~0~(mesitylene-2-sulphonyl) deravative (I1), corresponding to
the 6-0O-mesyl derivative (f), then the conjugate base of 3-nitro-l,2,4-triazole would be
expected to react with 11 to give 5b. It has been found3 that the combination of MSNT (2a)
and a phosphodiester (e.g. diphenyl phosphate) constitutes a very powerful phosphorylating
system for alcoholic hydroxy functions. However, although diphenyl phosphate appears to
catalyze the formation of the nitrotriazole derivataives (5, 7 and 10), it does not follow that
the 2-N-benzoylguanine and uracil residues are initially phosphorylated rather than sulphonated
(to give, for example, 11} by the combination of MSNT {2a) and diphenyl phosphate. No inter-
mediates could be detected (by t.l.c.) in the conversions of 3a, 3b, 4 and 9 1into Sa, &b, 7
and 10, respectively.

The results of this investigation will be of considerable help in determining the most
effective strategy for oligonucleotide synthesis when MSNT (2a) 1s used as the condensing
agent. If the side-reactions are to be minimized, it 1s important that (i) the use of an
excess of the phosphodiester component should be avoided, (11) the use of a large excess of
MSNT (2a) should be avoided, and {111) condensation reactions should be as brief as possible.
while considerable care should be taken in the synthesis of oligoribonucleotides as uracil
residues (see above) are particularly susceptible to modification, 1t 1s also advisable to
take the above three points into account when the synthesis of oligodeoxyribonucleotides 1is

being undertaken. However, it 1s lakely that the modification of uracil and 2-N-benzoyl-
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guanine residues will be reversed during the unblocking of protected oligonucleotides with
syn~4-nitrobenzaldoximate 1on3b. Thus, treatment of 56 and 7 with a slight excess of 0.5 M-
N1,Nl,N3,N3-tetramethylguanldlnlum syn—4-n1trobenzaldox1mate3b in dioxan solution at room
temperature for 30 min led to the quantitative regeneration of the corresponding guanosine
and uridine deraivatives (3b and 4, respectively). The latter compounds were 1isolated from
the products as crystalline solids in 77 and 74% yields, respectively. The ready transforma—
tion (see above) of 7 into cytidine (8a) by ammonolysis8 reveals one of the pitfalls of using
ammonlag to remove aryl protecting groups from internucleotide linkages in oligonucleotide
synthesas.

The occurrence of side-reactions 15 not limited to condensation reactions involving MSNT

3a

10
(8a)™ . Thus, 1-(2,4,6-tri-isopropylbenzenesulphonyl)-3-nitro-1,2,4-triazole (TPSNT, 2b)

also reacts with 3a and 4 to give 5a and 7, respectively, but the reactions proceed at
approximately one-half of the rates of the corresponding reactions with MSNT (22). As con-
densation reactions involving TPSNT (2b) also proceed more slowly, 1t 1s anticipated that the
extent of base modification would be at least as great 1f the latter reagent (2b) were used
instead of MSNT (2a) in oligonucleotide synthesis. Pinally, preliminary experiments suggest
that the mesitylene-2-sulphonyl derivative of tetrazole (I, R = Me)2 reacts at a greater rate
than MSNT (2a) with uracil and 2-N-benzoylguanine res:idues and that the reactions are more
complex
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